Abstrak
Chronic heart failure (CHF) is a slowly progressive disease, therefore it is difficult to lower mortality and morbidity due to high cardiovascular events. 1 Hospital readmission rate of CHF in one month is approximately 20% and almost 50% in six months. 2, 3 Inflammation may have important roles in CHF pathophysiological mechanism. 4 Increased oxidative stress and endothelial dysfunction are commonly observed in patients with CHF. The relation between myeloperoxidase (MPO), an inflammatory marker with mechanistic links to plaque vulnerability and abnormal ventricular remodeling, and degrees of severity in chronic HF has been rarely reported. 5 Myeloperoxidase as a recent inflammatory marker has been found increasing in patients with CHF. [4] [5] [6] Elevated MPO levels in CHF are associated with the progressivity and severity of disease and predictive of high cardiovascular events.
7,8
Heart failure management available is not only pharmacological, but also non-invasive using enhanced external counterpulsation (EECP) for patients who are resistant to pharmacological or invasive treatment. 7, 8 EECP is a non-invasive pneumatic technique that utilizes rapid electrocardiogram-gated sequential inflation of cuffs wrapped around the calves, thighs, and buttocks at supra-systolic pressures during diastole, followed by simultaneous deflation during systole. On diastole, cuffs inflate sequentially from the calves, raising diastolic aortic pressure proximally and increasing coronary perfusion pressure. Compression of the vascular beds of the legs also increases venous return. Instantaneous decompression of all cuffs at the onset of systole significantly unloads the left ventricle, thereby lowering vascular impedance and decreasing ventricular workload. This latter effect, when coupled with augmented venous return, raises cardiac output. In summary, EECP increases venous return, raises cardiac preload, increases cardiac output, and decreases systemic vascular resistance.
9
EECP therapy still retained IIb class of recommendation (COR) rating and given a B rating for level of evidence (LOE) in the ACC/AHA 2012 guideline for the diagnosis and management of patients with stable ischemic heart disease. In the management of heart failure, EECP is still not included in the guideline because it still does not have strong evidence that provide more definitive data on how well EECP might benefit patients with heart failure. 10 In brief, the mechanism of action of EECP in heart failure includes reducing afterload, improve contractility and reducing myocardial oxygen demand.
Increased coronary blood flow by EECP will promote myocardial collateralization through the formation of collateral vessels, arteriogenesis, and angiogenesis. Increased blood flow and shear stress endothel (SSE) will improve coronary endothelial function, vasodilatation and myocardial perfusion.
9,10
This study was aimed to identify the effectiveness as well as the correlation between EECP treatment and MPO levels in lowering cardiovascular events for CHF patients in six months observation period.
METHODS
Consecutive sampling was performed and the samples were patients with CHF who visited Outpatient Cardiology Unit at General Hospital of Prof Dr. R. D. Kandou, Manado Siloam Hospital, Manado Adventist Hospital and Manado Jade Cardiovascular Clinic and those who were recruited during free visit to rural areas in Manado, North Sulawesi who fulfilled inclusion criteria. The inclusion criteria were age of 25-79 years, patients with symptomatic chronic heart failure who had mild to moderate symptoms or class II-III according to New York Heart Association (NYHA) category with etiology of ischemic heart disease, hypertensive heart disease, coronary heart disease or acute coronary syndrome; ejection fraction < 40%, patients with CHF who had received standard treatment in keeping with the national guidelines of heart failure management at least one months prior to the study, and willing to participate in the study and signed informed consent form. All samples were randomized into intervention and control group. Block randomization was used for both groups. The protocol of this study has been approved by the Ethics Committee of Kandou Hospitals/ Faculty of Medicine, Sam Ratulangi University with letter number 014.04.01/11.2/575/2012.
The study was conducted between Januari 2012 and December 2012. There were 33 subjects who had EECP treatment and 33 subjects without EECP treatment (non-EECP) enrolled in this study. The subjects in EECP treatment group (intervention group) would receive routine treatment of EECP every day for one hour up to 35 times; while the subjects in non-EECP group would only receive standard management of heart failure according to the standard treatment at Harapan Kita National Cardiology Center.
All subjects in both groups had undergone history taking, physical examination, ECG, Chest X-Ray, and echocardiography to evaluate ejection fraction and blood sampling had also been done at the beginning of study. The major adverse cardiovascular events Med J Indones included ischemic stroke, all-cause mortality and re-hospitalization were observed in the both groups for six months. After six months observation period, both groups were being re-evaluated with equal examinations performed initially.
Data was collected and documented using Microsoft Excel. Statistical analysis was performed using SPSS.inc version 11.5. The analyzed variables were history taking, clinical examination, ECG, echocardiography, chest X-ray and the 6-month observed laboratory results that were relevant to cardiovascular events. The analysis included univariate analysis using t-test and chi-square. Results with p < 0.05 were considered statistically significant. Interpretation of results was performed by intent to treat approach. All variables that had p < 0.25 were included in multivariate analysis to obtain relative risk and relative risk reduction. Survival analysis for mortality rate was performed using Kaplan Meier and Hazard Ratio Cox Proportional.
RESULTS
A total of 66 patients have participated in our study, which consisted of 50 male patients (75.8%) and 16 female patients (24.2%) with average age of 61.3 ± 10.6 years. There were 24 male (72.7%) and 9 female subjects (27.3%) in EECP group; while in the non-EECP group, there were 26 male (78.8%) and 7 female (21.2%) subjects. It can be seen that both groups were comparables in term of demographic data (Table 1) and baseline laboratory, echocardiography, and chest X-ray (Table 2) .
MPO level was measured on 32 patients of EECP group and 27 patients of non-EECP group. Of 32 subjects in EECP group, the baseline MPO was 643.16 ± 239.40 pM and significantly decreased to 422.31 ± 156.26 pM at 6 months observation (p < 0.001). In non-EECP group, there was a reduction of MPO levels from 584.69 ± 281.40 pM to 517.64 ± 189.68 pM. The difference was not statistically significant (p = 0.792) ( Table 3 ).
The results show that there were statistically significant reductions of MPO levels in all subjects of EECP group but only in 13 patients of non-EECP group. Evaluation on relative risk (RR) for MPO reductions showed that there were 2.08 lower risks in EECP group than non-EECP group (Table 4) .
Observation on cardiovascular events after six months of study showed significant difference between both groups (p = 0.037). Cardiovascular events in non- (Table 5 ). Figure 1 showed several cardiovascular events in both study groups. In EECP group, seven patients had cardiovascular events including one patient who died at home, one patient had ischemic stroke and five patients were readmitted to hospital. Patients who had been readmitted to hospital in EECP group comprised of one anemic patient who required blood transfusion, one patient with total AV block and required installation of a permanent pace maker, and three patients were readmitted due to dyspnea induced by lung infection. Cardiovascular events in non-EECP group consisted of six deaths, one ischemic stroke and eight readmissions to hospital. Among those who had been readmitted to hospital, two patients were anemic and required blood transfusion, two patients were due to fatigue, four patients were due to dyspnea (two cases had been induced by fluid overload and two cases by lung infection). Of six deaths occurred in non-EECP group, three were caused by sudden cardiac arrest, one was due to gastric bleeding, and two cases were due to severe dyspnea.
Survival analysis based on observation days for cardiovascular events (Figure 2 ) found seven patients (21.2%) in EECP group and 15 patients (45.5%) in non-EECP group had cardiovascular events, with statistically significant difference (p < 0.05). The difference was obvious on observation day 79.
DISCUSSION
Based on sample characteristic distribution, our study demonstrated that heart failure was predominantly found in male compared to female patients, i.e. 50 patients (75.8%), with average age of patients with chronic heart failure was 61.3 ± 10.6 years. This finding is similar to United States NHLBI (National Comparison test between both groups using chi-square RR= 0.47; (95% CI 0.22-0.99) Heart Lung and Blood Institute) data in 2009, which reported that chronic heart failure prevalence is higher in male patients with advancing age. 11 Comorbidities were found in both groups, mostly were hypertension and dyslipidemia. Hypertension is one of the common comorbidities in CHF as it increases cardiac load and causes left ventricle hypertrophy, worsens the systolic heart failure. Manickavasagam, et al 12 reported hypertension as the most common comorbidities (75%) in CHF patients. 12 Our subjects were all from Minahasa ethnic group where hypertension and dyslipidemia are frequently found and may be associated with high saturated fat diet and alcoholic beverages intake. 13 In addition to hypertension and dyslipidemia, hyperuricemia was also a common comorbidity in our subjects.
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In chronic heart failure, vascular shear stress is reduced persistently; thus, it worsens endothelial dysfunction.
Our study is the first to find that EECP can reduce MPO level in CHF patients. This might be due to the effect of chronic pulsatile, which was developed during treatment. Significant reduction was observed in EECP compared to the non-EECP group. Enhanced external counterpulsation will trigger pulsatile blood flow; thus, increasing endothelial shear stress (ESS) which will improve endothelial function, induces increased level of anti-inflammatory marker and reduces pro-inflammation cytokine, reduces macrophage accumulation and complement activation as well as reduces vascular inflammation. Pulsatile blood flow generated by EECP is proven to be effective in reducing monocyte adhesion to endothelial cells, excretes ox-LDL and induces endothelial nitric oxide synthase (eNOS) to produce nitric oxide (NO). [14] [15] [16] [17] Physiologically, pulsatile ESS is a potent stimulus to endothelial to produce NO continuously. 18 Nitric oxide http://mji.ui.ac.id
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Effects of EECP on myeloperoxydase in CHF 157 has important role in improving myocardial metabolism and contractility in heart failure. 19 The higher NO production generated by EECP pulsatile effects, the lesser unpaired eNOS will be produced; therefore, peroxide acid (H 2 O 2 ) formation were reduced, which will react with MPO to form hipochloride acid (HOCL), which is a key element for endothelial cell apoptosis and adhesion molecule expression. This study produced significant improvement of fraction ejection in EECP group rather than non-EECP (data not shown). This is probably due to EECP therapy that could decrease systolic blood pressure and increase diastolic blood pressure leading to decreased vascular systemic resistance and after load and increased cardiac output that subsequently improve the function of left ventricle and decrease heart rate. EECP has significant increase of NO release that activates guanylcyclase receptor which in turn stimulates cyclic guanosine monophosphate (cGMP) accumulation on vascular smooth muscle tone. Increased of cGMP regulates vascular smooth muscle tone, endothelial permeability and fibroblast growth and differentiation as well resulting in improved myocardial function.
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The quality of life and functional capacity in EECP group were found significantly improved in posttherapy but not in non-EECP (data not exposed). The viewpoints of several investigators agreed that the hemodynamic effects of EECP could improve myocardial perfusion through stimulations of growth of blood vessel in intra myocardial and coroner perfusion, combined with modification during therapy could increase physical capability and improve the quality of life. The improvement of functional capacity after EECP has been related to peak oxygen uptake by increasing perfusion pressure during therapy which might improve oxygen supply and promote the recovery of otherwise non-functional areas of the myocardium. Other effect has been produced by an increase of nitric oxidase with subsequent coronary and systemic vasodilatation. 10, 12, 21 Reduction of MPO level in EECP group was correlated to reduction of cardiovascular events. In this study we found that the relative risk (RR) was 0.47, which means EECP can prevent cardiovascular events of two-fold better compared to non-EECP group. The effects of EECP treatment in lowering cardiovascular events are reduced cardiovascular events through improvement of endothelial morphology and function, reduced inflammation and oxidative stress and promoted angiogenesis and vasculogenesis. Reduced MPO level was associated with improvement of endothelial function and tissue damage caused by increased EECPinduced shear stress which stimulates endothelial progenitor cells (EPCs). 22, 23 Endothelial progenitor cells are able to differentiate into new endothelial cells and associated with improved ventricle function following myocardial infarction, angiogenesis, and re-endothelization following vascular injuries. Reduction of MPO level will prevent apoptosis, both through extrinsic and intrinsic pathways; therefore, reducing myocardial cells dysfunction. Casey et al found that EECP promoted collateral blood vessels formation which was associated with systemic endothelial function.
22,23
Mechanical shear stress will release stem cell from endothelial surface into the circulation; thus, it will replace old endothelial cells, repair damaged tissue and promote regeneration. These correlations were assumed to be the EECP long-term effects which are beneficial to cardiac function.
Significant reduction of cardiovascular events in EECP group was associated with reduced MPO level. A significant reduction of MPO level in EECP group will subsequently reduce amino acid oxidation and cytotoxic aldehyde production and will modify the cardiac ion channels. The effects of MPO in inhibiting PAI-1 activity would be also decreased. Therefore, plasmin activity would be reduced and resulting in extracellular matrix degradation; thus, ventricle remodeling and cardiac dilatation can be prevented. 24, 25 These were also important in reducing cardiovascular events in EECP group compared to non-EECP group.
Following the EECP treatment, there was a significant reduction in MPO levels, both in patients who had and had not had cardiovascular events. It suggests that the SSE pulsatile effect of EECP is very effective in reducing MPO. The MPO levels of subjects in EECP group who had cardiovascular events were compared between after treatment and at the end of observation and we found that there was increased MPO level with median of 326.60 pM and it was statistically significant. Elevated MPO levels in subjects of EECP group who had cardiovascular events were caused by acute bacterial infection, i.e. pneumonia in three patients. Such condition increased pro-inflammatory cytokines and induced neutrophil PMN to release abundant MPO. Myeloperoxidase will up-regulate cytokine genes and activates alveolar macrophage; therefore, increasing inflammation and cytotoxic status, and worsening lung inflammation. 26 Non-significant elevated level following the treatment compared to the end of the study was found among subjects who had no cardiovascular events, with median of 70.35 pM.
Our study concluded that EECP therapy can significantly reduce MPO level in CHF patients receiving therapy compared to control group. Several studies with bigger sample size and longer observation time are required to evaluate EECP therapeutic effects further in CHF patients. Further studies to prove the role of MPO as predictor of cardiovascular events in CHF are also necessary.
